Gynecomastia is a benign enlargement of the male breast caused by the proliferation of glandular breast tissue. Determining the various causes of gynecomastia such as physiological causes, drugs, systemic diseases, and endocrine disorders is important. Androgen insensitivity syndrome (AIS) is a rare endocrine disorder presenting with gynecomastia and is a disorder of male sexual differentiation caused by mutations within the androgen receptor gene. All individuals with AIS have the 46 XY karyotype, although AIS phenotypes can be classified as mild, partial or complete and can differ among both males and females including ambiguous genitalia or infertility in males. We experienced a case of partial AIS presenting with gynecomastia and identified the androgen receptor gene mutation.
INTRODUCTION
Gynecomastia is a benign enlargement of the male breast caused by proliferation of glandular breast tissue and is seen occasionally in clinical practice. The incidence and prevalence of gynecomastia are estimated at 3% to 40% and vary according to age. Physiologic gynecomastia is common and can be found in infants, adolescents and the elderly. Drugs and systemic diseases can cause pathologic gynecomastia. In young patients, determining the causes of gynecomastia such as testicular tumor, adrenocortical tumor, primary hypogonadism, Klinfelter's syndrome and rarely androgen insensitivity syndrome (AIS) is necessary.
We experienced a case of partial AIS which presented with gynecomastia, in whom we identified an androgen receptor gene mutation. Herein, we report this case along with the relevant literature.
CASE REPORT
A 16-year-old male was referred and presented to our clinic with bilateral breast enlargement for 4 years ( Fig. 1) . Because of gynecomastia, he was withdrawn and avoided outdoor activities. He was born with hypospadias and underwent surgery at 1 year of age. The patient was 161 cm in height, 57.8 kg in weight (body mass index, 22.3 kg/m 2 ), and his blood pressure was 120/80 mm Hg. His pubertal development was normal, but both breasts were enlarged (Tanner stage III). Pubic hairs were observed (Tanner stage V), the volume of both testes was 15 mL (Tanner stage IV), and a micropenis was noticed (Fig. 2) .
Complete blood count, biochemistry and urinalysis were normal. Endocrine results were as follows: testosterone level of The size of the right testis was 4.3×2.0×2.6 cm, and the left was 4.4×2.1×1.8 cm based on the ultrasound. Multiple microliths were present in both testes. The seminal vesicles and prostate glands were normal in size and echogenicity. Sellar magnetic resonance imaging and abdominal computed tomography (CT) showed no significant findings. His karyotype was male (46, XY).
To determine the androgen receptor gene mutation, the androgen receptor gene was amplified using polymerase chain reaction (PCR) with exon-specific probes and sequenced. A somatic mosaicism (c.2128G>A, [p.Glu710Lys]) in exon 4 was found (Fig. 3) .
The patient underwent mammoplasty without complications. He was satisfied with the surgery results and was followed up in the outpatient clinic.
DISCUSSION
Gynecomastia is defined histologically as a benign proliferation of the male breast's glandular tissue and clinically by the Copyright © 2015 Korean Endocrine Society presence of a rubbery or firm mass extending concentrically from the nipples. Gynecomastia is common at any age from infancy to the elderly and the incidence and prevalence vary according to age [1] . The pathophysiological process of gynecomastia involves an imbalance between free estrogen and free androgen actions in the breast tissue [2] . There are various causes of gynecomastia. Physiologic gynecomastia is the most common and is seen in infants, adolescents and the elderly. In our case, the patient was born with hypospadias and underwent surgery at 1 year of age and his testes were descended.
Drugs are the second most common cause of gynecomastia (10% to 25% of all gynecomastia cases). Numerous drugs exert a mechanism related to that of exogenous estrogen, such as oral contraceptives, tamoxifen, and estrogen-containing creams. Additionally, other drugs have mechanisms related to antiandrogen therapies, such as bicalutamide, finasteride, and others with unclear mechanisms, such as tricyclic antidepressants, furosemide, digitalis, ketoconazole, and cimetidine. Our patient denied taking any drugs related to gynecomastia.
Systemic diseases, such as hyperthyroidism, liver cirrhosis [3] , chronic kidney disease [4] , chronic pulmonary disease, and malignancy, can cause pathologic gynecomastia. In young patients, it is very important to exclude rare causes such as testicular tumors (Leydig-cell tumor or Sertoli-cell tumor), adrenocortical tumor, primary hypogonadism, Klinfelter's syndrome, and rarely AIS [5] . Additionally, in some cases of adult-onset gynecomastia, the etiology remains idiopathic [6] . In our case, systemic diseases such as hyperthyroidism, liver cirrhosis, renal insufficiency, and pulmonary disease were excluded based on the physical examination, blood tests, and radiological findings. Endocrine tests showed undetectable β-hCG and normal 17-hydroxyprogesterone, DHEA, and DHEA-S levels, while abdominal CT with contrast enhancement and scrotal ultrasonography showed unremarkable findings. Therefore, testicular tumors and adrenocortical tumors were excluded. Because the levels of LH and estradiol were increased while the level of FSH was normal in the presence of a high testosterone level, we excluded primary hypergonadism and instead considered AIS as the cause of gynecomastia.
A diagnosis of AIS requires the following laboratory findings: a 46, XY karyotype, normal or increased serum testosterone, normal conversion of testosterone to dihydrotestosterone, slightly increased LH due to absence of negative feedback [7] , normal or slightly increased FSH and slightly increased estradiol due to excess testosterone production and peripheral aromatization to estrogen.
The development of external genitalia during sex differentiation is determined by the action of androgens and androgen receptors. The androgen receptor is essential for androgen action, thus mutations in the androgen receptor gene can alter receptor function, which leads to AIS [8] . AIS can be subdivided into three broad phenotypes, complete, partial, and mild AIS.
The typical presentation for complete AIS is a phenotypically normal female and either primary amenorrhea during adolescence or inguinal swellings in an infant. The patient undergoes breast development and a pubertal growth spurt at the appropriate age, but without menses. Pubic hair and axillary hair are usually absent or may be present in sparse amounts. Extragenital abnormalities are absent, but the vagina varies from a dimple in the perineum to normal length and is always blind-ending. The uterus, cervix, and proximal vagina are absent due to the action of antimüllerian hormone produced by Sertoli cells of the testes. Testes may or may not be inguinal.
Depending on the degree of responsiveness of the external genitalia to androgens, the clinical presentation of partial AIS varies [9] . Partial AIS represents a wide range of undermasculinization from ambiguous genitalia to mild hypospadias. The various phenotypes include a micropenis, severe hypospadias and a bifid scrotum with potential presentation of gynecomastia, cryptorchism, or infertility. In another form, the external genitalia may be nearly normal female, except for clitoromegaly and/or posterior labial fusion. A grading scheme has been proposed by Quigley et al. [8] to describe the degree of masculinization in AIS patients.
Mild AIS is the rarest form. There is no extragenital abnormality but it may present in males as infertility. It can also manifest as bulbar and spinal muscular atrophy (Kennedy's disease).
Our patient had external genitalia of the male phenotype, thus complete AIS was excluded. And he had a medical history of hypospadia, micropenis, and gynecomastia. Because the patient had a history of ambiguous genitalia during childhood, mild AIS was also excluded. Therefore, his phenotype was compatible with that of partial AIS.
The Androgen Insensitivity Syndrome Patient Database at the University of Cambridge reports that mutations are present in 95% of their complete AIS patients, but in only 25% of their partial AIS patients [10] . In Korea, a study analyzed androgen receptor mutations and found in six out of nine patients with complete AIS and one out of three patients with partial AIS [11] .
The androgen receptor is encoded by the androgen receptor gene located on the X-chromosome at Xq11-12 and consists of eight exons and seven introns that span ~90 kb of DNA. In 70% of cases, the mutations are germline mutations transmitted in an X-linked manner via the carrier mothers. The androgen receptor contains four different functional domains: an amino-terminal domain encoded by exon 1, which is a nonconserved region involved in transcriptional activation of target genes; a central DNA-binding domain encoded by exons 2 and 3, which contains two zinc finger motifs; a hinge region containing the nuclear targeting signal and a C-terminal ligand-binding domain encoded by exons 4 to 8, which also encompasses subdomains involved in dimerization and transcriptional activation processes. Most mutations of the androgen receptor gene are located within the ligand-binding domain. More than 800 mutations of the androgen receptor gene from different patients have been entered into the Cambridge database as of September, 2011 [10] .
In our case, to determine the androgen receptor gene mutation, direct PCR sequencing was performed. DNA was extracted from peripheral blood leukocytes and the eight exons and exonintron boundaries of the androgen receptor gene were screened. The androgen receptor gene mutation was identified as a somatic mosaicism (c.2128G>A, [p.Glu710Lys]) in exon 4. This mutation was previously identified in a partial AIS patient in 2006 [12] . Additional androgen receptor gene mutation analyses for the family members of the patient were necessary. We attempted to persuade the family members to undergo genetic analysis for the androgen receptor gene, but they refused testing. Based on the identified androgen receptor gene mutation and characteristic phenotypes, a diagnosis of partial AIS was made.
The patients with complete AIS have customary feminine appearance and are usually raised as females. Several studies noted that tumor risk increases with age, exceeding 30% for people in their fifties [13] , indicating the necessity for gonadectomy and estrogen replacement after surgery. Their proper management and psychological support can give them a normal life, despite a major chromosomal discrepancy.
Most infants with partial AIS are raised as males. Androgen supplementation may be necessary at puberty, but not always. Surgery is performed during the second to third year of life to repair hypospadias and bring undescended testes into the scrotum. Gynecomastia often occurs during adolescence and requires reduction mammoplasty. An infant with partial AIS who is designated a female will require genitoplasty and gonadectomy before puberty to avoid the risk of virilization. Estrogen replacement is needed to induce female puberty. The risk of germ cell tumors is higher in partial than complete AIS patients, with a suggested incidence of 15%, and is even higher if the testes are not scrotal in position [14] . Because their gender identity may be vague, psychological distress is more common in adults with partial AIS than in those with complete AIS [15] .
Our patient developed gynecomastia (Tanner stage III) at puberty. He did not complain of any decreased libido or difficulties in erection or ejaculation. However, the severity of gynecomastia made him withdrawn, and he avoided outdoor and social activities; work-up for gynecomastia resulted in a diagnosis of partial AIS. Subsequently, mammoplasty was performed. He was satisfied with the surgery results and was followed up in the outpatient clinic.
Therefore, a male patient complaints of gynecomastia must be considered by physicians for physiological causes, drugs, systemic diseases such as liver cirrhosis, chronic kidney disease, hyperthyroidism and malignancy, as the common causes of gynecomastia. Particularly, if the patient is young, testicular tumors such as Leydig-cell or Sertoli-cell tumor, adrenocortical tumor, primary hypogonadism and Klinfelter's syndrome must be ruled out. If levels of testosterone, LH and FSH are normal or elevated, AIS should be considered.
